THIN FILM MAGNETIC HEAD DEVICE 



Rflftkpround of the Invention 

Field of tbe Invention 

[0001] The present invention relates to a thin film magnetic head device, and 
more patticulariy to a thin film magnetic head device comprising a reading thin 
film magnetic head element whose electric equivalent circuit is represented by a 
series circuit of an equivalent voltage source and a series resistor having a 
resistance RH and a parallel capacitor having a capacitance C and connected in 
parallel with said series circuit. 
Er\f\t<f4 Art .Statements 

[00021 A typical thin film magnetic head device having a thin film magnetic 
head element whose electric equivalent circuit is represented by a series circuit of 
an equivalent voltage source and a series resistor and a parallel capacitor 
connected in parallel with said series circuit is a magneto-resistive type thin film 
rnagnetic head device. 

[0003] Kg. J is a circuit diagram showing an electric equivalent circuit of a 
thin film magnetic head element of a known mafpieto-iesistivc type thin film 
magnetic head device. The thin film magnetic head element is represented by a 
series circuit of an equivalent voltage source 1 and a series resistor 2 having a 
resistance Rh and a paraUel capacitor 3 haying a capacitance C and connected in 
paraUel with said series circuit. Both ends of the parallel capacitor 3 are 
connected to an extenuaiy provided reading circuit. In Fig. 1, the externally 
arranged reading circuit is represented by an input resistor 4 having a resistance 

[0004] The typical magneto-resistive type thin film magnetic head clement 
whose equivalent circuit is expressed by a scries circuit of the voltage source 1 
and series resistor 2 and the parallel capacitor 3 is a giant magneto-resistive thin 
film magnetic head clement. Upon compared with a normal anisotropic type 
magneto-resistive thin film magnetic head element, the magneto-resistive thin 
fihn magnetic head element has an extremely high resistance change ratio by a 
magnetic field and can be applied to a high recording density hard disk device. 
There has been realized a very high surface recording density up to 15 Gb/in*. 
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[0005] The giant magneto-resistive thin film magnetic head dement has been 
realized as anti-fenomagnetic coupUng type, induction fenomagnetic type, spin- 
valve type and glanular type. By using such giant magneto-resistive thin film 
magnetic head element, it is possible to realize an extremely narrow track width 
of sub-micron order. However, Acir resistance change ratios do not exceed 
10%. and this results in that it is difficult to obtain a sufficiently large reproduced 
signal if a track is further narrowed. That is to say, the known giant magneto- 
resistive thin film magnetic head elements could not satisfy severe lequiremcnts 
for extremely high recording density. 

C0006] There has been proposed a tunneling type giant magneto-resisrive 
element which can produce a large reproduced signal for an extremely narrow 
track width. Such a tunneling type giant magneto-resistive thin film magnetic 
hcad _is described in, for instance Japanese Patent Laid-open PubUcation Kokai 
"Hefn -135857.0 Rg. 2 shows a principal structure of such a tunneling type 
-ma^to^UtiCe element. This element includes a first magnetic layer 5 which 
serves as a free layer whose direction of magnetization is changed in accordance 
with a magnetic field produced by a magnetic record medium, a second magnetic 
layer which functions as a pin layer whose direction of magnetization is fixed, an 
insulating layer 7 arranged between the first and second magnetic layers 5 and 6, 
and a anti-ferromagnetic layer 8 provided on the second magnedc layer 6. 
The first and second magnetic layers 5 and 6 have a stacked stracmre of Co layer 
and Ni-Ffe la^er for attaining a large resistance change ratio, and the insulating 
layer 7 is formed by an Al^Oj layer manufactured by oxidizing an aluminum 
layer at the room temperature. 

[0007] The number of electrons tunneling the insulating layer 7 brcomes 
maximam when the direction of magnetization of the first magnetic layer 5 
serving as the free layer is identical with that of the second magnetic layer 6 
serving as die pin layer under a condition that a voltage is applied perpendi- 
cularly to the insulating Uyer 7. When the direction of magnetization of the 
first magnetic layer 5 is opposite to ttiat of the second magnetic layer 6, the 
number of tunneling electrons becomes minimum. In this manner, a resistance 
value changes ftom the maximum value to the minimum value in accordance 
with the direction of magnetization of the first magnetic layer 5. Theoretically. 
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a resistance change ratio amounts to 50%, and in practice, there has been 
proposed tunneling type giant magneto-resisdve thin film magnetic head dement 
having a resistance change ratio not less than 20%, and such tunneling type 
Clements may be applied to an extremely narrow track width. 
[0008] An output transfer function Av of a ihin film magnetic head element 
whose electric equivalent circuit is represented by a seiies circuit of the 
equivalent voltage source 1 and a series resistor 2 and the parallel capacitor 3 
connected in parallel with said series circuit as illustrated in Fig. 1 is given by 
die following equation (1): 

Av =-| — 1 — r 

^1 + (g)/o)h) 

Here. E is a voltage of the equivalent power source 1 . V is an output voltage of 
the thin film magnetic head element, (Oh is an angular frequency determined by 
the capacitance C of the parallel capacitor 3 and the resistance Rh of the seiies 
resistor 2 and is expressed by oOh =l/C Rh. It is assumed that the resistance Rm 
of the input resistance 4 is infinite. 

[0009] As can be understood from the above equation (1), the output transfer 
function Av of the tunneling type magneto-resistive diin film magnetic head 
elem«it is decreased in accordance with an increase in the resistance Rh of the 
secies resistor 2. Therefore, Ae reproduced output signal is dec»easod in 
accordance with an increase in the operation frequency, and an operation 
frequency range is narrowed. Th order to increase reproduction speed, it is 
necessary to extend the operation fiequency range up to a high firequency. and it 
is desired to obtain a lat^ output signal at a high ftequency. For instance, in 
Japanese Pat«ait Laid-open Publication Kokai 2000^1 1 343^ ere is proposed a 
thin film magnetic head device having an operation frequency more than 
150 MHz. 

[0010] In order to realize an extremely narrowrecord track, tiie tiiin film 
magnetic head element has to be miniaturizedlQrhe^he resistance Rh of the 
series resistor 2 is liable to be increased. Particularly, in the tunneling type 
giant magneto-resistive thin film magnetic head element, the series resistor 2 
usually has a high resistance Rh due to tiie fact that the current flows perpendi- 
cularly to the insulating layer 7, and amounts to several hundreds Q. to several KQ. 
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Thcrefore, the operation frequency range is limited largely. In order to attain 
the high speed operation by increasing the operation frequency, the output signal 

r'^Uabie^o be lowered, and inherent merits of the tunneling type magneto- 

^^isfive^thin film magnetic head element might be lost. 

Summary fff the Invention 
[0011] The present invention has for its object to provide a novel and useful 
thin film magnetic head device including a reading thin film magnetic head 
element, in which a/decrease in a leproduced signal is suppressed up to a high 
frequency region to extend an operable band width altiiough a series resistance is 
increased by a miniaturization due to a narrow track width. 
[00121 According to the invention, a thin film magnetic head device 
comprises: 

a reading thin film magnetic head element whose electric equivalent circuit 
M- is expressed by a series circuit of an equivalent voltage source and a series 

H resistor having a resistance Rh and a paraUel capacitor having a capacitance C 

ry and connected in parallel with said series circuit; 

S an inductor having an inductance L connected in series witii said series 

^ resistor; and 

^ a parallel resistor having a resistance Rand connected in series with said 

parallel capacitor; 

^ wherein said resistance Rh of the scries resistor; capacitance C of the parallel 

J capacitor, inductance L of the inductor and resistance R of tiie paraflel resistor 

Q are set to such values that a frequency characteristic of the reading thin film 

^ magnetic head clement is extended toward a high frequency range, 

[0013] In a preferable embodiment of tiie thin film magnetic head device 
according to the invention, an anguhir fifequency cOo determined by Uie 
capacitance C of tiie paraUel capacitor and the inductance L of tiie inductor 
(<Oo=l/(LC)^'*) , an angular frequency eoj determined by the capacitance C of the 
paraUel capacitor and tiie resistance R of flie parallel resistor (a)i=l/CR) and an 
angular fteqoency »h determined by tiie capacitance C of the parallel capacitor 
and die resistance Rh of tiic series resistor (fi)„=l/CRH) satisfy conditions of 
cdo > OOi and too ><0h. In this case, it is particularly preferable that conditions 
<Do » ooi and cOo » <0h« 



a 
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[0014] In the thin film magnetic head device according to the invention, the 
reading thin film magnetic head element may be advantageously formed by a 
giant magncto-icsistivc element which has a high resistance change ratio and can 
be miniaturized for anaining an extremely narrow track width of sub-micron 
order Particularly, it is preferable to form the reading thin film magnetic head 
by a tunneling type giant magneto-resistive element having an extremely high 
resistance change ratio. 

[0015] In a preferable embodiment of the thin film magnetic head device 
according to the invention, a reading thin film niagnetic head element formed by 
a giant magneto-resistive element and a recording thin film magnetic head 
element formed by an inductive type element arc stacked on a substrate. Such a 
combination type thin film magnetic head device may be advantageously used in 
a hard disk device having high recording density, large storage capacity and high 
operation speed. However, according to the invention, the reading thin fihn 
magnetic head element is not limited to the giant magneto-resistive elemenu but 
may be formed by an anisotropic magneto-resistive element. 

Brief Dcscri prion of the drawings 
Fig. 1 is an equivalent circuit showing a known thin film magnetic 
head device including a tunneling type magneto-resistive element; 

Fig. 2 is a perspective view illustrating a principal structure of the 
tunneling type jnagneto-resistive element; 

Fig. 3 is an equivalent circuit depicting the thin film magnetic head 
device according to the invention; 

Fig. 4 is a graph representing a frequency characteristic of the thin 
film magnetic head device according to the invention in comparison with a 
known thin film magnetic head device; 

Fig. 5 is a schematic cross sectional view cut along a line perpendi- 
cular to an air bearing surface of an embodiment of the thin film magnetic head 
device according to the invention; /^"^ 

Fie. 6 is a schematic cross sectional view of the tin film magnetic 
head device shown in Fig. 5 cut along a Une parallel with th^lSir bearing surface; 
and 

Fig. 7 is a schematic perspective view depicting the construction of a 
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tunneling type magneto-resistive element provided in the ihin film magnetic head 

device shown in Rg. 6. 

Description pf thePrefiFpgd Embodiments 
[0016] Fig. 3 is an equivalent circuit of the thin film magnetic head device 
according to the invention. The thin film magnetic head device according to the 
invention is composed of a series circuit of an equivalent voltage source 11, a 
series resistor 12 having a i«sistance Rk and an inductor 15 having an inductance 
L. a parallel capacitor 13 having a capacitance C and a parallel resistor 16 having 
a resistance R. both of said parallel capacitor 13 and paraUel resistor 16 being 
connected in paraUel with said series circuit. A series circuit of the paraUel 
capacitor 13 and parallel resistor 16 is connected across an input resistor 14 
having a resistance Rin of an external read-out circuit. 

[0017] In the thin film magnetic head device according to the invention, 
since the resistance Rh of the scries resistor 12 is several hundreds ohms (Ci) in a 
case of the tunneling type giant magneto-resistive element which a highest series 
resistance and the resistance R of the parallel resistor 16 is several kilo ohms 
(KQX (Rh+R) may be approximated by R. Theii. a transfer function Av may be 
expressed by the following equation (2): 



.Jl + (a>,/<D)^ (2) 

^ ~^l + (Ci>,/CDo)*(CD/<»o -«>0^0>)'' 

Wherein. i»o is an angular frequency determined by the capacitance C 
of the parallel capacitor 13 and the inductance Lof the inductor 15 «Do=l/(LC)'^. 
Oh is an angular frequency determined by the capacitance C of the paraUel 
capacitor 13 and the resistance R of the parallel resistor «o,=l/CR) and an 
angular frequency (Dh deteimined by the capacitance C of the parallel capacitor 
and the resistance Rh of tibe series resistor 1 6 {<Bh=1/CRh). 
[0018] Now it is assumed that Wo = 2itfo « <d, = 2ltf i . Then, the frequency 
characteristic of the thin fUra magnetic head device includes a peak at fi>/<Oo=l, 
and a cut-off frequency at which gains is decreased by 3dB would be extended 
towaid high frequency side. That is to say. under a condition of fi)o « ©i, a 
peaking characteristic can be obtained and the frequency characteristic in a high 
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[0019] However, even if the cut-off ftequency could be extended toward high 
frequency side by the peaking characteristic, since the above mentioned 
condition 0)o i is satisfied, (Oo « CDh is obtained. Therefore, the peak 
frequency fo would be too low to improve the frequency characteristic- That is 
to say. when fb becomes extremely lower than fn, the frequency characteristic 
could not be effectively extended toward high frequency side. 
[0020] Next it Is assumed that a)o=27rfo » a)i =27cf i Then, a transfer 
function Av may be expressed by the following equation (3): 



^l+(<Di/o)o)^tto/a)o-<Oo/<»)^ 
Wherein, ot=a>i/G)o. 

[0021] Upon comparing the equation (3) with the equation (2), one can 
understand that the peaking characteristic due to a denominator of the equation 
(2) is disappeared in the equation (3), Now it is assumed that too/cft, <c 1, i.e. ©o 
« ©1, the above equation (3) may be rewritten into the following equation (4). 

Av s 1+4(0 o/©)^ (4) 

[0022] As stated above, since a « 1» the tratisfer function Av becomes nearly 
1, i,e. Av s 1 . it is possible to obtain Ac improved frequency characteristic 
having no peaking property. 

[0023] In the above mentioned explanation, it is assumed that ©o » CD|, but it 
can be easily understood that the similar tendency can be attained under a 
condition <Oo > coi. Therefore, according to the invention, the coil 1 5 having the 
inductance L and the parallel resistor 16 having the resistance R are connected in 
series with the scries resistor 12 and die parallel capacitor 13. respectively. 
[0024] As stated above, according to the invention, the coil 15 and parallel 
resistor 1 6 are connected such that the condition ©o > coi, more particularly (Do » (Oi 
is satisfied. Then, tiie frequency characteristic can be extended toward a higher 
frequency side witiiout producing a peak. However, if tiie angular frequency coo 
detennined by the capacitance C of tiie parallel capacitor 1 3 and tiie inductance L 
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of the coil 1 5 is lower than the angular frequency cDh (=27ifH=l/27iCRM) 
detennined by resistance R of the series resistor 12 and the capacitance C of the 
parallel capacitor 13. the frequency characteristic could not be improved. 
Therefore, according to the invention, the condition <Oo > a>H, more particularly 
Oi)o»(ii)H is satisfied. In this manner, when both the conditions coo >a>b mora 
particularly ©o » a>i and the condition coo > Wh. more particularly oso » c6h are 
satisfied, it is possible to realize the improved flat frequency characteristic 
having no peaking property up to a high frequency region. 
[0025] Fig. 4. is a graph showing simulation results of frequency character- 
istics of the thin film magnetic head device according to the invention and known 
thin film magnetic head device illustrated in Rg. 1 . In the simulation, the 
resistance Rb of the series resistor 12 is set to 500 £2, the capacitance C of the 
parallel capacitor 13 is set to 3 pF, and the resistance R of die parallel resistor 16 
is set to 10 k£2 which is far larger than the resistance Rh of the series resistor 12. 
Then, frequency characteristic of gain is calculated while the inductance L of the 
coil 1 5 is changed. Under such a condition, the firequencies f i and fn become 
5.3 MHz and 106 MHz, respectively. 

[0026] In Fig. 4, a curve A shows a ftequency chanwrteristic of the known 
diin film magnetic head device which does not have the coil 1 5 and parallel 
resistor 16 shown in Fig. 3. Curves B, C and D are obtained when the 
inductance L of the coil L is set to 1 mH, 1 0 |iH and 100 jiH. respectively, while 
die parallel resistor 16 of JO kQ is connected in series with the parallel 
capacitor 13. When D=l nH. f o - becomes to 91 .9 MHz. and when 

the inductance L is set to 10 \jH and 100 pH. fo becomes to 29 MHz and 9.2 MHz, 
respectively. That is to say, the condition of ©o>fi>i according to the invention 
is satisfied- However, the curve C does not satisfy the condition of coo » tOH. and 
tfieicfoic a lemarikable improvement could not be obtained as compared witii the 
knovwi thin film magnetic head device denoted by the curve A. Furthermore, 
the curve D does not satisfy the second condition of <oo >coh according to the 
invention and could not improve die frequency characteristic. According to tiie 
invention, by satisfying the first and second conditions simultaneously, it is 
possible to obtain the highly improved flat ftequency characteristic up to a high 



01150(2001-102) 



frequency region as shown by the curve B. 

[0027] Figs. 5-7 illustrate an embodiment of the thin film magnetic head 
device according to the invention. In the present embodiment, the thin film 
magnetic head device is constructed as a combination type thin film magnetic 
head device comprising a reading thin film magnetic head element fonned by a 
giant magneto-resistive element and a recording thin fiJm magnetic head element 
formed by an inductive type element said reading element and recording element 
being stacked on a substrate one upon the other. Fig. 5 is a schematic cross 
sectional view showing the thin film magnetic head device by cutting along a line 
perpendicular to an air bearing surface which is to be opposed to a magnetic 
record medium. Fig. 6 is a schematic cross sectional view cut along a line 
paraUel with the air bearing surface, and Fig. 7 is a schematic perspective view 
depicting a microstrip line constituting the above mentioned coil 15. 
[0028] On a surface of a substrate 21 made of AlTiC, an insulating layer 22 
made of alumina is deposited, and a tunneling type giant magneto-resistive thin 
film magnetic head element 23 is fonned on the insulating layer 22. In order to 
protect this magneto-resistive element 23 from an external magnetic field, a 
lower shield layer 24 made of a permalloy is deposited on the insulating layer 22, 
The tunneling type giant magneto-resistive element 23 is formed on the lower 
shield layer 24 on which an upper shi^d layer 25 is formed. 
[0029] As shown in Fig. 7. the tuimeling type giant magneto-resistive thin 
film magnetic head element 23 has a stack of free layer 26, insulating layer 27, 
pinned layer 28 and anti-feriomagnetic layer 29, and a reading current flows 
through these layers perpendicularly thereto. To this end, in the present 
embodiment, the lower and upper shield layers 24 and 25 are used as electrodes. 
^[0030] In Che present embodiment, the lower shield layer 24 serving as the 
electrode connected to the free layer 26 has formed therein a microstrip line 30 
having a length d to form the coil 15 shown in Fig. 3. According to the high 
frequency propagation theory, an inductance L of the microstrip line 30 is 
proportional to its length d. Therefore, the microstrip line can be designed 
easily with a high fteedom. Moreover, since the lower shield layer 24 is formed 
to be flat, Ae microstrip line 30 can be manufactured easily and precisely. 
[0031] Between the lower shield layer 24 and the upper shield layer 25 is 
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filled with an insulating layer 31 made of alumina. These lower and upper 
shield layers 24 and 25 and insulating layer 31 constitute the capacitor 13 shown 
in Fig. 3. 

[00321 Since the upper shield layer 25 serves also as a bottom pole of the 
inductive type thin film magnetic head element, and is also called bottom pole 
hereinafter. A write gap layer 32 made of a non-magnetic material such as 
alumina is formed on the bottom pole 25, and then a pole chip 33 is formed on 
the write gap layer 32. The pole chip 33 may be formed in the following 
manner. At first, a magnetic layer made of a magnetic material having a high 
saturation magnetic flux such as permalloy (Ni: 50%, Fe: 50%) and FeN is 
deposited on the write gap layer 32, and then the magnetic layer is shaped into a 
desired pattern by means of a highly precise mask alignment. Since a track 
width is determined by a width of the pole chip 33. it is important to form the 
pole chip to have a width as small as possible. 

[0033] In order to prevent the effective track width from being widened, the 
write gap layer 32 and the bottom pole 25 are removed by etching while the pole 
chip 33 is used as a mask to form a so-caUed trim structuie as best shown in 
Fig. 6. After that, an insulating layer 34 made alumina is formed on a whole 
surface and its surface is flattened by CMP such that the pole chip 33 and 
insulating layer 34 have a coplanar surface. 

[00341 Next, on the flat surface of the insulating layer 34, is formed a first 
layer thin film coil 35 such that the coU is supported in an electrically isolated 
manner by means of an insulating laycsr 36 made of photoresist. After flattening 
a surface of the insulating layer 36, a second layer thin film coil 37 is formed to 
be supported in an electrically isolated manner by an insulating layer 38 made of 
photoresist. 

(0035] Then, an assembly is annealed at a temperature of, for instance 250*0 
to flatten the surfece of the insulating layer 38 supporting the second layer thin 
mm coil 37. an upper pole 39 made of permalloy is foimed with a thickness of 
3 Hm on the pole chip 33 and insulating layers 36, 38 in accordance with a given 
pattern. Then, an overcoat layer 40 made of alumina is formed. Rnally,aside 
waD is polished to form an air bearing surface (ABS) 41 which is opposed to a 
magnetic record medium. In an actual thin film magnetic head device, there are 
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fonned contact pads for electricaUy connecting the ihin film coils 35. 37 as wcU 
as the tunneling type giant magneto-resistive thin film magnetic head element 23. 
these contact pads are not shown in the drawings for the sake of simplicity. 
[0<»6] The present invention is not limited to ihe above explained embodi- 
ment, but many alternations and modifications may be conceived by a pereon 
skilled in the art widiin the scope of the invention. For instance, in the above 
explained embodiment, die diin fihn magnetic head device is constructed as the 
combination type thin film magnetic head including the tunneling type giant 
magneto-resistive thin film magnetic head element and the inductive type thin 
film magnetic head element are stacked on the substrate, but according to the 
invraition, it is not always necessary to construct such a combination type thin 
film magnetic head device. 
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